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IliTRODUCTION

-

-

Fever has been recognized since the early days of
medicine as a manif'estion or disease processes,

The

value of elevations in body tempe:r:ature above the limits

ot normal as a physical means of alleviating or curing
diseases of certain types has been emphasized at various times throughout the history of medicine.

The sig-

nificance of fever and its relation to the course of
infectious diseases has been questioned by many investigators,

It has only been in the course of the

last few years that fever, other than that of central
origin, has been recognized as an aid rather than a·
detriment to the diseased body,
The evaluation of body temperature elevation,
in so far as its effects on the human body are concerned, has had to await the development of the sciences ot physiology, biochemistry, and micro-anatomy,
With these sciences have come new methods of investigating the intricacies of the human and animal body,
as well as new laboratory procedures to supplant
obsolete methods,

Today, therefore, it may be said

that we are a great deal nearer to answering the question of fever and its effects on the human body than we
were in the past,
The causes of fever' are multitudinous.

(1)

It seems

to the author that any attempt to enumerate such
causes would be not only endless, but altogether impractical.

Because of this feeling the discussion which

follows shall be limited, in so far as is feasible, to
the central heat regulatory mechanism of the body, to
a discussion of heat regulation in general, and to a brief
consideration of general principles in the etiology of
the fever state, together with an evaluation of the
general systemic effects of fever,

(2)

CENTRAL HEAT REGULATORY
MECHANISM

Since the early part of the present century

•

attempts have been made to locate a heat regulatory
center somewhere int he central nervous system.

Sec-

tion of the spinal cord as illustrated by the experiments of Kennaway and Pembrey (1) constituted some of
the earliest work with this problem.

It was found by

these investigators that the anterior portion of the
body of a paraJlegic animal responded to changes in
environmental temperature in a manner not unlike that
of warm blooded animals, while the posterior portion
responded in a manner identical with that of cold blooded animals.

The paraplegic portions of the body were

liable to excessive lose of heat due to an absence of
vasomotor control, and to an inability of the body to
maintain an erect posture.
The above experiment is mentioned as one of many
in an attempt to accurately locate an area in the
nervous system which might serve as the final common
denominator of all febrile reactions.

The corpus

striatum was long thought to be the probable location,
but the work of Lillian Moore (2) with rabbits and
pigeons disproved what was formerly largely theory,

In a series of punctures at the level of the c"ora
striata 78% of the animals 1'ailed to develop an ab-

(3)

normally high temperature.

Of the 22% of the cases

which developed hyperthermia only about one-third
showed any injury to the caudate nucleus.

85% of

those animals having punctures which penetrated the
caudate nucleus were afebrile.

Heating the caudate

nucleus caused a slight decrease in temperature, while
cooling produced a slight rise.

With removal of the

nucleus a normal body temperature was maintained.

It

was concluded from these studies that the corpus striatum was not essential for maintainance of normal body
temperature, and the existence of a special "heat
center" in the brain was not confirmed.
Kendall (J), investigating the results of adrenalectomy on rats, discovered that these animals were
unable to survive under conditions of low environmental temperature.

Through the administration of

adrenal extracts, however, they were able to survive
indefinitely.

The adrenal was eliminited as a possible

source of heat regulation, however, by the fact that it
controls the distribution of water and electrolytes,
and consequently serves to maintain a normal blood
volume.

Since the maintainance of a normal blood

volume is necessary for proper temperature regulation
in the human or animal body, it was concluded that the
( 4)

adrenal influences body temperature in only an indirect manner,
Jelsma (4) observed an antagonism between the
vertebral and carotid circulations wihh respect to
control of the heat regulating centers,

When the verte-

bral arteries of a dog were heated, or the carotids
cooled the following phenomena were recorded: shivering, peripheral vasoconstriction, hyperventilation, and
dyspnea.

With chilling of the vertebrals, or heating

of the carotids somewhat different phenomena were observed, namely: peripheral vasodilatation, shallow
respirations, and vomiting,

The rectal temperature,

it was found, varied in the same direction as that of
the medulla, and in a direction opposite to that of the
basal ganglia,
Recently t,he hypothalamus has been suggested as
a possible center for heat regulation.

Keller and Hare

(5) observed that medullary preparations of laboratory
animals differed marked .. ly from mid-brain preparations
in their ability to heat regulate.

The ability to

alter body function in response to changes in external
temperature was entirely lacking in the mid-brain
preparations,

This was evidenced by an absence of

shivering when rectal temperature was reduced to 26
(5)

degrees

c.,

inability to maintain a normal temperature

outside a heated incubator, absenGe of hyperthel'lll.ia in
the presence of central trauma, menl.nsitis, peritonitis,
or consolidation of the lungs, defective sweating at
rectal temperatures ot 43-44 degrees

c.,

in only a few cases of overheating.

In contrast,

and panting

medullary preparations were able to elicit a shivering
response to cold, maintain a normal body temperature
in unheated cages, give a febrile response to central
trauma, and react to over-heating by a progressive
slowing of respirations.

The absence of sweating was·

the only feature in which the two types of preparations
were in accordance.
Confirmation of heat centers in the hypothalamus
has come from many sources in the last few years.
Bazett, Alpers, and Erb (6) found that cats with anterior
decerebrations retained the capacity to react to cold,
and of regulating their body temperature at a normal
level.

The presence or absence of temperature control

appeared to be associated with preservation of the hypothalamus "just cephalic to the corpora mammillariaff.
Ranson and Ingram(?) working with the rhesus
monkey were able to produce small, sharply localized
lesions of the hypothalamic region by means of a small

(6)

electrode.

Nine of these animals lost the capacity to

prevent body temperature from falling below a normal
level, but were able to maintain a normal temperature
in a room regulated at 86 degrees E,

When removed to

a room temperature of 70-75 degrees E. the rectal
temperature dropped rapidly, but in the course of a few
days to weeks these animals regained a fair degree of
thermal control.

Seven monkeys of this same series

developed a post-operative elevation of rectal temperature to 105-106,5 degrees F., but in every instance
this febrile reaction had returned to a normal level
by the second post-operative day.

Microscopic exam-

ination of the brains of these same animals revealed
ll

bilateral lesions of the ros'lif.tl part of the lateral
hypothalamus.

Those animals who were unable to main-

tain their body temperature when removed to a cold
envirolllllent showed bilateral symmetrical lesions which
had dest;royed tne posterior part of the lateral nypot;llalamus (region just lateral to the mammillary nuclei).
From the above expBriments it was concluded t.nat "bilo.tc.1.a:i.

utn:>i,L·uu~.i.uH ul

t;ne caudal part of the lateral

hypothalamus causes a prolonged lose of capacity to keep
the body temperature up to normal, and lesions in the
ros.£,.1 part of the lateral hypothalamus causes a
temporary rise in temperature".
( 7)

Ranson in collaboration with

'11eague

(8) continued

his work on the hypothalamus and. its relation to temperature control.

In this instance, lesions were ex-

perimentally produced in the anterior hypothalamus of
cats, and their ability to respond to alterations in
environmental temperature studied.

It was found that

most of the animals continued to have a normal temperature with only a few cases of slight hyperthermia.
There was a diminished capacity to prevent abnormal
rises in body temperature when removed to a temperature
of 102-103 degrees F.

Elevation of respiratory rate

with panting-a feature observed in normal oats-was
delayed.

The ability to regulate against cold, how-

ever, was not seriously impaired.
Haertig and Masserman (9) reported experimental
data obtained from operations performed on a series
of forty oats.

Hypothalamic lesions were produced in

each ot the forty animals, and their conclusions may
be summarized as follows: 1. Those animals with lesions
in the rostral portion of the hypothalamus retained the
ability to prevent abnormal depressions of temperature.
2. Those with caudal lesions displayed an occasional
disturbance of temperature regulation.

J. Those with

lesions of the middle hypothalamus were markedly
( 8)

poikilothermic, but could not maintain hyperthermia
under fluctuating environmental conditions.
It may be said in criticism of the foregoing experiments, which were designed to establish positive
evidence of specific temperature regulating centers
in the hypothalamic region of the brain, that the
lesions so produced were not sufficiently localized
and that any attempt, therefore, to assign a definite
heat regulatory function to any one localized area of
the hypothalamus would be unjustifiable.

Such criticism

would be sound for it is true that in the majority
of instances lesions of this very sensitive area in
the brain were produced in a most haphazard fashion,
leading to post-operative reactions which were not altogether reliable.
'l'he carefully controlled experimental work of
Heminway, Rasmussen, and Wikoff (10) eliminated this
element to a very definite extent.

Using dogs as ex-

perimental animals, small gold foil electrodes measuring
J-6 mm. in size with insulated thermocouple wires attached, were placed in contact with both the anterior and
posterior hypothalamus, using a subtemporal approach
to the base of the brain.

These animals were allowed

not less than one month in which to recover, and tests

(9)

were then made to determine if the temperature
regulatory functions of shivering, panting, and
peripheral vasoconstriction and vasodilatation were
normal.

Af'ter these functions were demonstrated to

be normal, the brain was heated locally by diathermy

current from the brain electrode in a controlled
environment.

Heating ct: the anterior hypothalamus

· caused inhibition of shivering and vasodilatation;
heating of the posterior hypothalamus caused sleep,
and a slight decrease in the intensity of shivering.
Panting was not induced in either instance.

The ex-

periment proved rather conclusively that centers for
shivering inhibition, and thermal vasodilatation exist
in the anterior hypothalamus.

]'Urthermore, these

centers could be motivated by local temperature
changeg in the absence of changes in general body
temperature or peripheral temperature.

The fact that

postmortem examination of these animals revealed an
absence of injury to the structures, illustrates the
carefully controlled conditions under which the experiment was conducted.

Confirmation of the entire

experiment came at a somewhat later date through the
efforts of Hines (11) who repeated the study using
gold-foil electDodes in a manner similar to that

(10)

)':

\
\

employed by previous investigators.
Morgan (12) studied the brain stems of fifteen
dogs and four rabbits following an experimental fever
produced by hypodermic and intravenous injections of
typhoid vaccine, and found that in every case the
cells of the nucleus tubero-mammillaris were involved in a chromatolytic process,

In view of the ex-

periments cited heretofore, such a finding supports the
premise that the hypothalamus is the central regulatory
mechanism for heat control.
We may therefore say quite definitely that certain
regions of the hypothalamus play an important role in
heat regulation.

lfrom this area nerve impulses are

sent to all parts of the body, and bring influence
to bear upon mechanisms which, when in proper balance,
serve to maintain the body temperature within the
limits of normal.

That which had its origin in

theory and hypotheses has finally, therefore, been
reduced to the realm of actuality.

Certainly we are

nearer to a complete understanding of heat control
in the human body.
(11)
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fiber connections(from Best and Taylor),

'( 13)

HEAT REGULATION ( OTHER THAN CENTRAL) WITH
A BRIEF DISCUSSION OF GENERAL PRINCIPLES
IN THE ETIOLOGY OF THE FEVER STATE

Before examining the effects of temperature elevation on the physiological processes of the body, a
discussion of the various methods by which the human
body is able to maintain a constant temperature should
be given.

It is to be remembered, however, that the

various tools of the body by means of which it is able
to establish and sustain a condition of temperature
equilibrium are at all times under the nervous control
of the hypothalamus which in turn is subject to modification by afferent impulses received from the periphery.
The normal temperature of the body is taken to be

37 degrees

c. (98,6

F.), but variations occur in differ-

ent parts oft he body and at different times of the day
which must be considered physiological,(Fig, 3)
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(14)

{

w.

H, dur-

Under ordinary conditions the rectal temperature is
about one degree fahrenheit above that of the mouth.
Marked differences between oral and rectal temperatures
occur in the aged, in those with a poor circulation,
and in those exposed to extremely low environmental
temperatures.

There is, in addition, a regular di-

urnal rhythm in the body temperature of man so that
the temperature rises during the day, reaches a
maximum in late afternoon, and falls during the night,
reaching its lowest level by early morning.

The

difference between the maximum and the minimum temperature levels is in excess of 1 degree
degrees F.

c.,

or 1.8

The cause of this diurnal rhythm, accord-

ing to Hewlett (13) is not well understood, but probably depends upon muscular activity, and the taking of
food, since there is noticably less variation in the
fasting subject.
Since the function of temperature regulation is
not well developed at birth, there is a gradual increase in the regularity of the diurnal cycle, and a
decrease in the range between maximum and minimum
temperature levels during the first year of life, with
definite establishment of the normal cycle in thesecond year, according to Burton (14).

(15)

Kleitman and

Titelbaum (15), in agreement with Burton, find that
there is a gradual increase in the regularity oft he
diurnal temperature during the first year of life, with
the establishment of an ad.ult temperature curve during
the second year,

During the second year the range,

however, temporarily exceeds that of the adult curve
due to a lower minimal temperature,

The endogenous

factor which is responsible for the development of the
adult diurnal temperature curve seems to be" the adaptation of the childs routine of existence to the twentyfour hou~ cycle of alternating day and night, with
respect to wakefulness and sleep, activity and rest".
Body temperature is ultimately determined by the
relation which exists between heat produced, and that
which is lost.

The former depends upon basal met-

abolism and excesses from exercise and food intake;
the latter upon lose by conduction and convection from
the skin, and on evaporation from both the skin and
respiratory tract,

Hewlett (13) states that under

the usual conditions of a temperate climate two to
three times as much heat is lost by conduction and
radiation than by evaporation,

In any event, the skin

is the main organ through which heat is lost to the
body.
{ 16)

The adjustment between heat production and elimination is under the control of the central nervous
system, with localization as referred to previously,
in the hypothalamic region.

This central control of

heat production and dissipation is in turn influenced
by afferent impulses from skin and mucous membrane, as
well as by the blood temperature which comes into contact with the heat centers.

Temperature receptors in

the skin are able to elicit a temperature sensation
with a rise in temperature of only .003 degrees

c.,

which is as it should be, for a heat sensitive devise
is the first requirement of a heat regulatory mechanism.
As the irradiated skin area is increased, the threshold
stimulus decreases.

In contrast to other receptors,

the maximum effect of temperature stimulation is reached sooner the less intense the stimulus (temperal summation).
Reference has been made to the lose of heat by
radiation, convection, and vaporization, all of which
constitute what is knovm as the physical regulation of
body temperature.

Under ordinary circumstances radi-

ation accounts for 58%, convection 15%, and vaporization for 27% of the heat lost through the skin, although these figures are dependent to a considerable

(17)

extent upon the prevailing environmental conditions.
Parsons (16) classifies heat lost at ordinary
room temperature in the following manner: 1, Radiation, convection, and conduction (skin)-70%, 2. Evaporation (skin)-14,5%• 3, Vaporization of water
from the lungs-8%; 4, Heat absorbed in the liberation
of carbon dioxide from solution in the lungs-3,5%; 5.
Warming inspired air-2,5%; 6. Urine and feces-1.5%, At
23 degrees

c.

vaporization accounts for 17% of the heat

lose, but at 35,degrees C, it accounts for the total heat
lose, with that lost by convection and radiation approaching zero, Burton (14) speaks of the thermal conductance
of tissues which is equal to the ratio of the rate of
total heat lose from the surface to the product of the
surface area and rectal temperature minus the skin temperature:
TC e uals (rate of total heat lose from surface)
• '• q
( surface area) (rectal temp,)-( skin temp. )
The conductance of heat depends not only on the peripheral
circulation, but on the fat depots of the body, The extremities are the most effective heat dissipators, the fingers
and toes being the most efficient in this respect. The
fact that peripheral blood flow in a sympathectomized dog
varies with the local temperature seems to indicate that
there is a "metabolic control" of blood flow which must

(18)

operate in the normal animal,
The regulatory mechanism of the human body against overheating is nicely adjusted,

An increase

in body temperature occurs when the heat which is
produced is greater than that eliminated,

Such in-

creaseB in heat production occur with absorption of
food (especially that of a protein nature), muscular
exercise, and when conditions for heat elimination
are unfavorable,

Ordinarily the heat produced while

eating is promptly eliminated,

Overeating in hot

weather, while placing a burden on the heat regulatory mechanism, rarely if ever, causes an elevation of body temperature,

Muscular activity, by

increasing the total metabolism from five to eight
times, may cause overheating,

With moderate exer-

cise the rectal temperature is elevated 1-2 degrees
F,

At this level an equilibrium is established, and

the temperature does not go higher, the extra heat
produced being eliminated by an increase in radiation, conduction, and evaporation from the body
surface, and by an increase in the rate and depth
of breathing,

Faulty elL~ination of heat may also lead

to temperature elevations.

This fact is demonstrated

in the dog who eliminates excessive heat by evaporation

(19)

of moisture from the tongue and mouth. If such evaporation is prevented by placing a cannula in the
dogs trachea,death occurs from heat stroke as ~·result
of increased body temperature. In man, skin diseases
such as ichthyosis with lose of sweat secretion must
be compensated for by an increase in respiration when
heat production is excessive.
The amount of heat lost to the body by radiation
and convection is determined in part by the skin temperature, which in turn depends upon the rate of blood
circulation through the skin vessels, Peripheral circulation, likewise, is greatly effected by changes which
influence heat regulation, as demonstrated by the fact
that blood flow through the arm is doubled when exposed
to a warm room temperature. When the external temperature
is higher than that of the body, the heat lose by conduction and radiation is nihil, and consequently must
be compensated for by an increase in evaporation, The
latter in turn is dependent on the humidity of the air,
With a low humidity the body can tolerate higher tem~erature levels due to the ability to lose heat by evaporation. Air motion also facilitates rapid evaporation.
Cutaneous vasodilatation and perspiration, which

J 20)

regulate against overheating in man, are under the
control of the central nervous system,

This is demon-

strated by the fact that these reactions are absent from
an extremity which has been separated from the central
nervous system,

The nervous centers are guided in this

regulation against overheating by two factors, namely
the temperature of the body reaching them, and reflexes
from the skin,

When the nervous centers in the brain

of the dog are warmed by the direct application of heat
to the carotid arterial blood, physiologic changes occur
which regulate against overheating,

These changes,

though variable with different animals, take the form
of rapid respirations in the dog, since, as mentioned
before, the dog regulates principally by evaporation
from the tongue and mouth,

That skin reflexes play an

important part in setting the mechanism for heat lose
into operation is evidenced by the fact that perspiration may be elicited though the body temperature be
maintained at a constant level by immersion in a hot
bath,
When those mechanisms which the human body possesses to guard against overheating are impaired,a
condition known as sunstroke results.

It has been

shown that increases in b ody temperature as a result
( 21)

of exercise are not dangerous if there are reasonable
opportunities for heat lose.1 Temperature elevation as
a result of moist heat, however, prevents heat lose by
the usual routes of convection, conduct.ion, and e"1Taporation.

Consequently, hyperthermia results which is

similar in every respect to that seen in warm, moist
climates, and which leads either to heat prostration or
sunstroke.

In the former there are symptoms of headache,

dizziness, pains in the back and limbs, nausea, thirst,
and a fever ranging from 99.1-104.7 degrees F.

In

severe forms of sunstroke unconsciousness is added to
the foregoing symptoms, together with a pronounced elevation of body temperature (104-114.8 degrees F.).

At

such temperature levels the patient is comatose, cyanotic
or livid, possesses a very dry skin, and has no control
of bladder or rectum.

It may be said, therefore, that

under environmental conditions of high temperature and
humidity the body is unable to maintain itself in a
temperature equilibrium.

Particularly is this true under

conditions of low vitality, obesity with poor circulation,
and in cases of chronic alcoholism, all of which act as
predisposing factors.
As the body possesses a mechanism which offers prorection against overheating, so in like manner, it possesses a mechanism which offers protection against over(22)

-

cooling.

The human body _can tolerate the lower temp-

erature levels much better than the higher ones.

Ex-

cessive heat lose is prevented by the natural fat pads
of the body• clothing, constriction of the skin vessels
with reduced blood flow through the periphery, increased
muscle metabolism through shivering, and by the intake
of food,

In mammals a body temperature below 68 degrees

F. is incompatible with life~ Factors which predispose
to overcooling are improper clothing, lack of food, and
muscle weakness.

Small animals are more suseptible to

cooling due to their relatively greater surface area.
Infants with an imperfectly developed heat regulatory
mechanism resist cold poorly.

Alcohol, by dilating the

cutaneous vessels, leads to a greater heat lose,

When

the human body is exposed to excessive cold, there is
an initial increase in muscle activity with an increase
in metabolism, followed later by muscular relaxation,
somnolence and coma.
Hewlett

13) has made a study of heat regulation

in the fever state,

He concludes that heat regulation

in fever is less perfectly adjusted than in health,

The

healthy adult is more resistant to exposure to cold,
since his temperature is not only more difficult to
reduce, but the reduction is more transient,

(23)

Instability

of the heat regulatory center frequently follows a
febrile reacti~n, as demonstrated in the convalescent
typhoid patient who frequently shows a transient fever
following exercise or a hearty meal.

Behnke and

Stephenson (17) observed a seasonal variation in the
body reactions to hot atmospheres.

l!:levations in body

temperature and pulse rate were greater in winter than
summer on exposure to identical degrees of heat for the
same period of time.

Sweat secretion was the same in

both circumstances.
The ordinary febrile chill which is seen in many
disease processes is accompanied by an increased heat
production through the mechanism of shivering, and a
decreased heat elimination through a reduction in
peripheral circulation and sweating.

In the febrile

crisis changes of an opposite nature occur, namely an
increased circulation and sweating with a reduction in
body metabolism to a level only slightly above normal.
Blood vascular studies have shown the arm circulation
to be slowed during rises, and increased during falls
in body temperature.

The phenomena observed during a

chill are those one would expect if the body temperature
were low and the heat regulatory centers were endeavoring
to raise it, va1ile the phenomena accompanying a febrile

(24)

-

crisis are those of an attempt to reduce the body temperature.
With continous fever there is a moderate increase
in the total heat production, amounting to 10-40% above
the normal level.

Inanition reduces this rise in heat

production somewhat, while food or toxic protein destruction serve to increase its production.

Dubois (18)

finds that heat production is increased 13% for each degree rise in temperature.

A febrile rise in temperature

cannot be explained on a basis of increased heat production alone, however, since the body in its normal
state produces and eliminates much more heat than this
without any appreciable alteration in temperature.

As

noted previously, the body is able to adequately handle
any excess heat produced as a result of muscular exercise or protein feedings.

From these observations it

may be concluded that overproduction of heat during
fever states plays a small part in the febrile reactions.
'l'he essential f'actor seems to be a relative insufficiency
in heat elimination.

That ineff'ectual heat lose may

play a role is substantiated by the f'act that insensible
perspiration is only slight.ly increased with fever, while
the blood flow through the f'eet and arms is noticable
reduced.

t:r the temperature of the normal person is ele(250

vated to 100.4 degrees,he responds promptly by increasing
his circulation and by sweating.
The mechanism for heat dissipation in the febrile
patient is not entirely lost,however, for if such a
patients temperature be elevated by artificial means he
responds in a manner similar to that of the normal person,
Furthermore, insensible perspiration following the intake
of food is increased in the febrile person as in the
normal person, while tho febrile individual is able to
maintain his body temperature against agencies which tend
to reduce it, as in the normal. This is shown by the contraction of skin vessels and shivering upon exposure to
cold, It may, therefore, be concluded that the febrile
temperature is due not to an increased heat production,
or to an absolute inefficiency in heat dissipation, but
rather to a lack of adjustment between the two,
Although this paper is not intend&d to deal with
the etiology of fever in so far as a sunple enumeration
of pathologic processes is concerned, it seems that some
discussion of general principles should be given. Since
elevations in body temperature due to external ractors
nave previously been discussed,only those conditions "of
positive neat balance not due solely to food, exercise
or environment", as proposed by Barbour (19), will be
( 26)

•

discussed.

Barbour (19) feels that the fever state may

be explained by the dual heat center theory which postulates the presence of two centers in the hypothalamus,
the one being a "cooling center" and the other a "heating center".

Depression or the former or stimulation

of the latter produces fever.
The most probable explanation for an increased temperature with infections is that the heat regulatory
centers are stimulated by the products of infection.
These products of infection may be decomposition products
or bacteria, or or injured tissues.

-

Hewlett (13) gave

support to such a machanism by the injection of septic
material into rabbits after removal or the forebrain.
This septic material, which ordinarily produced fever,
had no effect on the rabbits.
With lesions of the central nervous system the explanation ror fever is quite simple, since the heat
center may be stimulated by a mechanical or chemical
means in a very direct manner,

The so called hyst,:.,rical

fever may belong to this same category, although much
dispute, with very little actual knowledge, is centered
around this entity.
Simple chemical substances such as NaCL when ad-

-

ministered to children will produce a so-called •salt
fever", due apparently to an electrolytic unbalance in

(27)

the blood stream which may be corrected by the addition
of calcium and potassium salts in the form of Ringer's
solution.

Other fevers developing as a sequel to in-

travenous salt administration are probably due to the
presence of organic material as a contaminate.

Caffeine

and xanthine increase the temperature when given during
the course or an inf'ectious process, and the basis for
this is thought to be a disturbance, Jll'Qbably an increase,
in purine metabolism.
The lose or water from the body produces fever.
Any condition which will promote the lose or water pre-

-

disposes to the so-called "dehydration fever".

Diuresis,

prolonged exposure to warm dry air, fluid restriction etc.
serve as precipitating factors.

Wo~dyatt, Balcar and,

Sansum (20) produced a marked hyperpyrexia in dogs by
establishing a diuresis through the intravenous injection,
or glucose.

They suggest that the fever may be due to a

lose of "free" water, with a reduction in the water lost
by evaporation as a result or an increased affinity of
the tissue colloids for water so that water is held in
the tissues.

These studies in deficiency or "free"

water in the fever state have lead to a physiochemical
theory or fever.
The repeated injection of foreign proteins into

-

( 28)

animals will produce fever.

Such substances as egg white,

bacterial proteins, laked corpuscles of a foreign blood
etc. are examples of these fever producing substances.
Aseptic fever following contusions and fractures is due
to the destruction of tissues in the body with the liberation of proteid material,

The fevers following foreign

protein injection are .thought to be due to the action of
products of protein disintegration which act directly on
the central heat regulatory mechanism.

An absence of

fever after cervical spine or midbrain excision supports
such a mechanism.

-

The fever of infections and foreign

protein injection are closely related, since in the
former·bacteria provide a source of protein material,
There seems to be no constant relationship between
the severity of an infection and the height of the fever.
In general, it may be said that the fever in mild in-

fections is usually low.

In the more severe infections

the fever tends to be high, although in the most fulminating varieties there may be a febrile collapse with
an abnormally low temperature.

Since fever must be

regarded as a reaction on the part of the body to the
infecting organism, a rebrile collapse indicates a
ra1lure of the body to respond to the infectious process.
(29)

·-

EFFECTS OF .!!'EVER

-

Temperature variations affect al.most every physical, chemical, and biological process of the body.

It

shall be the purpose of this discussion to describe such
effects in the human, and to a limited extent in the
animal body., as result from the fever state, so that a
proper evaluation of the beneficial and deleterious
results of fever may be had.
Some of the earliest experimental work done with
fever as related to the physiological processes of the
human body was that of Beaumont (21) who in the year
1833 recorded the following:

"In febrile diathesis or

predisposition from whatever cause.,.The villous coat
becomes red, dry, at other times pale and moist and
loses its smooth and healthy appearance; the secretions
become greatly vitiated, greatly diminished, or entirely
suppressed, and the mucous coat scarcely perceptible,
the follicles flat and flaccid, with secretions insufficient to protect the nervous papillae ••• When there are
corresponding symptoms or disease, as dryness or the
mouth, thirst, accelerated pulse, etc,, no gastric
juice can be extracted, not even on application of
alimentary stimulus.

Drinks received are iI11111ediately

absorbed or otherwise disposed of, none remaining in
the stomach ten minutes after being swallowed.

-

(30)

Food

taken in this coudition of the stomach remains undigested for 24-48 hours or more, increasing the derangement of the whole alimentary canal and aggrevating
the general symptoms of disease".

With this description

of changes in the normal physiology of the stomach as a
result of fever, began a study which was neglected,
perhaps out of necessity, until the early part of the
present century, when the sciences of chemistry and
physiology became well established.
Shaffer and Coleman (22) in 1909 studied protein
metabolism in patients with typhoid fever.

-

They found

that with fever there is a greater need for carbohydrates,
and that if foods rich in this material were not supplied
the tissue proteins became depleted in an effort to
supply energy to the body.

Kirstein and Bromberg-(23)

demonstrated a disturbance in carbohydrate metabolism
during the fever state which resulted in a hyperglycemia.
Blood concentration apparently played no part in the
elevated blood sugar.
Carpenter and Benedict (24) made preliminary observations on metabolism during fever in the early part of
the twentieth century.

They found that the pulse and

respiratory rates were raised, and that carbon dioxide
Production+ which is an index of the total metabolism,

-

(31)

was increased along with the oxygen consumption.

There

was a tendency for the respiratory quotient to be elevated, although colllplications attending the ingestion
of rood, variations in muscle metabolism, and errors in
oxygen determinations rendered the results intenible.
Heat of vaporization was increased, as was heat elimination.

There was an enormous increase in heat pro-

duction.
Brody (25) investigated the influence of fever
produced by diathermy on the metabolism of anesthetized
dogs.

-

Body temperature was raised from J.6 to 8.5 de-

grees F. above the normal level.

Metabolic rates were

raised from 27% to 172%, and there were the same changes
in respiration and blood sugar that were recorded previously by other laboratory men.

The increased metabolism

was assigned to both the heightened temperature, and the
augmented activity of the respiratory muscles.

Lose of

water from the blood stream was compensated for by the
storage of red corpuscles in the spleen.

The oarbon

dioxide content of the blood stream was reduced along
with the alkaline reserve.

Hemoglobin saturation was

altered.
Dubois (18) has perhaps done more work on metabolism
of the body than any other investigator in this field.

-

(32)

In the cours~ of his studies he has given some time to
metabolism as altered by fever.

"The fever patient", he

says, "responds to a rise in temperature in a manner
which closely resembles the chemical reaction in the
test tube suspended in a water bath". (Fig. 4).
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Fig. 4. Relation of body temperature to chemical reactivity. (after Dubois)
90

respiratory quotient in various fevers indicates that
there are no significant changes in the metabolism of
fats and carbohydrates.
fever.

Protein metabolism is high in

The total metabolism is increased about 13~ fer

each degree rise in body temperature. (Fig, 5),

The

excessive fever produced in dogs by depleting the water
reserve of the body indicates, according to Dubois (18),
that an abnormality in water metabolism

11@:Y

be the cause

of fever in man--a statement which finds confirmation 1n
the physiochemical theory of fever as proposed by Woodyatt,

-

(33)

Balcar, and Sansum (20).
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Fig. 5. Increase in heat production with fever. ( after
Hewlett)

-

Some of the pioneer work on the blood vascular
system and its relationship to hyperpyrexia was done by
Stewart (26).

His studies were limited to the human body.

He noted that the vasoconstrictor mechanism of' the peripheral parts was abnormally excited, resulting in a
reduced blood f'low through the extremities, and more
particularly the f'eet.

(Fig. 6).

This peripheral vaso-

constriction was considereu to be a compensatory mechanism, securing for the organs suf'f'ering from the infectious
process an increased blood flow.

On this basis the only

rational treatment for pyrexia was to "abstract heat by
a process which will not diminish the vasooonstriction".

-

( .34)
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Hence the use of cold baths was advocated.

Antipyretic

drugs, by dilating the vessels, reduced the temperature,
but defeated the purpose of the vasoconstriction,

Radi-

ation and conduction of heat from the body surface was
maintained at a high level in spite of the peripheral
vasoconstriction, since the "elimination of heat per
gram of blood passing through the surface is greater,
due to the greater difference in temperature between
skin and air",

-

Cheer (27) examined the effects of high temperature
on the heart and circulation in anesthesized dogs,

(J5)

He

_has classified the successive changes occurring in the
cardio-vascular system according to stages, as the body
temperature was gradually elevated.
is that of cardiac abnormalities.

The initial stage
Respiratory and heart

rates increase progressively with the S-A node remaining the pacemaker at a rate. of 180-220 beats per minute.
The P-R interval is shortened, the Q,RS complex is
smaller and :birturcated, and there are negative "T"
wave changes.

Systole, and the velocity of cardiac

ejection are reduced.

In the second, or precritical

stage, which continues until such a time that the
circulatory conditions become critical, the alveolar
and blood carbon dioxide are decreased, and there is a
mild alkalosis.

The s-A node still controls oardiao

rhythm, and A-V conduction time is further shortened.
Heart rate is rapid, and systolic and diastolic pressures
are progressively reduced.

Arterial pressure curves,

after reaching a maximum peak, drop rapidly, suggest•
ing a low peripheral resistance.

The duration of systole

and ejection is diminished, and cardiac irregularities
may appear.

The third, and critical stage, is one of

cardiac irregularities, with A-V block, and various
types of ventricular rhythm.

Systolic and diastolic

pressures are rapidly decreased, and the duration of

-

(36)

'
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sy_atole suddenly increases with a cessation of heart
beats.

The failure of circulation is due to changes

occurring in the heart itself.

The S-A node,being

very resistant to high temperatures, remains the pacemaker until the end.
Asmussen (28) found that acclimatization under hot,
humid environmental conditions was attended by an increase in blood volume and pulse rate.

The inoreas'ed

flow of blood through the skin under these circumstances
interfered with adequate cardiac output.
McGuigan (29) examined the effect of temperature

-

on the action of digitalis.

At higher temperatures this

drug is somewhat more toxic.

The increased irritability

of the heart during fever interferes with the slowing
action of digitalis.

It was concluded that the height

of the fever determined the benefits to be derived from
the drug, and that in high feverish states it may be
useless, due to the greatly exaggerated irritability
of the heart.
The actual changes in circulation in terms of degres. of fever cannot, according to Moore and Kinsman
(30), be predicted.

During a study made by these au-

thorities on human subjects submitted to artificial
fever, it was found that the cardiac output is usually

-

(37)

increased, and that there is a tendency for the circulating blood volume in the heart and lungs to be reduced.
A few years previously Benson (31) noted that the heart
rate varied directly with the temperature applied to the
skin.

This was believed to be due to reflex action in-

itiated through nerve endings (temperature spots) in the
skin.

It was postulated from these observations that the

increased body temperature in the feverish patient acts
secondarily on the nerve endings in the skin through the
peripheral circulation, and in this manner a reflex arc
was initiated,

-

BY cooling the skin during fever the

reflex arc may be broken, and the 1 heart rate maintained
within limits approximating the normal.
Knies (32) reported a series of twenty patients on
whom fifty-two electro-l,ardiograms had been taken during
an induced fever.

He tound that the "electrocardiographic

changes were minor", and indicated "that fever has only
a slight direct influence on the electrical activity of
the heart", and that "extracardiac factors are important
in the production of cardiovascular changes which occur
in natural fever".

Those minor and insignificant changes

in electrical activity of the heart occurring with fever,
disappeared completely when the fever subsided, and there
were no permanent electrocardiographic changes noted.

-

(38)

Knies (32) further states: "In no instance were changes
characteristic of coronary insufficiency observed, and
there was no evidence of cardiac damage in so far as
electrocardiographic and clinical observation were concerned'!•

Changes in the physiology of the cardio-vascular
system as a result of therapeutically induced artificial
fever received the attention of Kopp (33).

Pulse rate,

as noted previously, was increased variably with arrhythmias and auricular fibrillation occurring infrequently.
Blood pressure was either elevated or depressed during

-

the

induction period, but became definitely reduced as

fever was prolonged.

The diastolic pressure was reduced

'
in all instances, with a considerable increase in pulse

pressure, especially during the induction stages.

As

the temperature was increased, the velocity of blood
flow was in turn increased, and in some oases this amounted to as much as 300%.

Venous pressure fluctuated

in both directions, but in the majority of oases there
was a rise.

Blood volume was definitely lowered.

With

reference to blood volume changes Kopp (33), working in
association with Gibson (34), found that during artifioal fever there was a gross lose of water from the
blood stream via both skin and lungs.

-

(J9)

Since this los~

may be more rapid than the rate of absorption from the
intestinal tract or the tissue spaces, there is a reduction in plasma volume and, consequently, total blood
volume.

The greatest water lose occurs during the in-

duction stages of fever.
The effects of hyperthermia on cervical lymph flow
were investigated by Mccarrell (35), who used anesthetized, curarized dogs and cats as experimental animals.
With temperatures of 45.3 to 45.7 degrees c. circulatory
collapse and death occurred.

At these critical temper-

ature levels cervical lymph flow was found to be in-

-

creased(Fig.7), while the protein content of the lymph
was reduced due to an increased rate of capillary filtration. The cause of increased capillary filtration
depended on the heiSJi~ of the temperature.
atures between 38.3 and 41.l degrees

c.

At temper-

the filtration

rate was increased due to a peripheral hyperemia, while
at temperatures of 41.9 to 43.5 degrees

c.

the elevated

rate was due to several factors, namely, a high venous
pressure, capillary stasis, and anoxemia with injury
to the capillary endothelium.
Recently it has been emphasized that fever, other
than that of central origin,may be of value to the diseased body.

-

The evidence for such a contention has come

(40)
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from experimental work, :which has rather conclusively
shown that fever is both a defensive and protective
mechanism to the human body.

Reimann (36), in an at-

tempt to determine the significance of fever with regard to blood protein changes, found that fever exerts
~

beneficial influence in the defense mechanism against

infection, and that "body temperature at the fever level
exerts an adverse influence on bacterial growth, diminishes the potency of toxins, favors phagooytosis,

-

(41)

and stimulates the development or antibodies".

The

increased viscosity of blood plasma, which occurs in
fever as a result of an increase in the plasma protein,
enhances the specific agglutinative power of specific
immune serum, according to the results obtained by this
study.
Jung (37) worked with immunologic changes in the
blood of patients suffering from intractable asthma,
infectious arthritis, and general paresis following
diathermy.

The only significant change observed was

that of an elevated leukocyte count, limited to the
polymorphonuclears, which was normal again in the course
of twenty-four hours.

There was no change in the red

cell count, and alterations in the complement content,
opsonins, and phagocytic property of leukocytes was
within the limits of normal variation.

There was noted,

however, a slight increase in agglutinins with succeeding
fever treatments.

It was concluded from these studies

that the beneficial effect of fever therapy on asthma,
arthritis, and paresis was on a basis other than that of
the immunologic phenomena studied.
Grant and lledes (38), using rabbits, were similarily
unimpressed by the effects of hyperpyrexia on the complement-fixing antibodies of the blood stream.

-

(42)

They found

_that the production of hyperthermia by physical means
causes at emporary diminution of the c OJ!iplement-fix1ng
antibody titer of rabbits immunized against staphylococci,
streptococci, m1crococcus catarrhalis, and diphtheroid
bacilli.

In contrast to the rather disappointing r~sults reported by other men, the work of Cohen and Warren (39)
should be cited.

These men prepared a chart of changes

in the cellular elements of the blood extending over a
period of several days from human subjects with artificially induced fever.

-

Profound changes in leukocytes,

red cells, and hemoglobin content were observed, (Fig.S)
Similar blood changes were found by Simon (40).
Doan (41) reported a rather constant hemopo1etic
response to fever, with polymorphonuclear leukocytes
a.
making up the majority of cells ofApost-febrile leukocytosis.

That there is a destruction lymphocytes during

the febrile state was shown by lymph node studies, and
by a return to the circulation after a prolonged lymphopenia, of the very young lymphocytic forms.

There was,

in addition, some destruction or at least a redistribution
of monocytes, for a delayed post-febrile monocytosis
composed of young forms was noted,

Following this pre-

liminary report Doan, in collaboration with Hargraves (42)

-

(43 l

_ continued his study of hemopoietic responses to artificially induced fever.

Within therapeutic limits arti-

ficially induced fever was found to "destroy lymphocytes,
inhibit lymphopoiesis in the normal experimental animal,
and to result in an increase and extension of marrow
myelopoiesis, tissue clasmatocytosis, and peripheral
granulocytic leucocytosis".

These effects of fever were

thought to indicate that elevations of body temperature
above the limits of normal, but still within the range
of therapeutic value, play an accessory role in the
strengthening or weakening of body defenses,

-

Plasma fibrinogen response to fever, induced by
typhoid vaccine and high environmental temperatures, was
investigated by Ham and Curtis (43).

Under conditions

of increased environmental temperature the fibrinogen
concentration was greatly varied, being either unchanged,
elevated, or reduced,

With typhoid vaccine there was a

significant and prolonged elevation of fibrinogen, but
the rise was not necessarily proportional to the maximum
rise or duration of the fever,

It was concluded, there-

fore, that fever, per se, may not cause an elevation of
plasma fibrinogen which is often observed clinically.
Both the fever and the increased fibrinogen are apparently
due to factors common to the disease process,

-

(44)

Sheard (44) of the Mayo Clinic, has summarized the
present status of fever with regard to disease processes.
He believes that fever which accompanies infection exerts
an adverse influence on bacterial growth, favors phagocytosis, diminishes the potency of toxins, and stimulates
the production of immune bodies.

c.

leukocytes at 35 degrees
as at 25 Degrees

c.

He has shown that

travel four times as rapidly

At these higher temperature levels

the physical character of' the leukocyte changes from a
sol to a gel state, thereby enhancing its permeability,
and its ability to ingest greater numbers of bacteria.

-

He concludes his discussion by saying:

"In the light

of present conceptions regarding fever we should consider fever as a natural, active factor produced within
the body to aid in the destruction of an infectious
agent, and t'o repair tissue injury from any cause".
In addition to the immunologic changes associated
with fever, there are also alterations in the chemical
constituents of the blood.

The carbon dioxide content

of the blood is reduced due to an increased rate of
respiration.

Blood sugar is lowered, and the concen~

tration of NPN raised.

The lactic acid content of

perspiration is incr·eased.

Urine is sparse, and of in-

creased specific gravity, and its character is but little
(45)

influenced by water intake.

Sheard (44) reported an in-

crease in creatinine,urea nitrogen, uric acid, and calcium in the blood due to a combination of blood concentration, and elevated metabolism.

Blood chlorides be-

have somewhat differently, however, showing a decline of
40 mg. percent at the end of the febrile period in 80%
of the patients.

The ingestion of NaCL eliminates any

sense of fatigue and exhaustion, which together with
nausea, vomiting, abdominal cramps, and muscular twitch-

t

ings constit~ the sy~ptoms of impending heat·prostration,
I

and which are due to a reduction in blood chlorides,

-

Kopp(J3) states that serum prate.ins are relatively increased, but absolutely decreased, and that the potassium
content of red corpuscles shows slight, but inconstant
changes.

Houghton and Houghton (45) find that plasma

volume may increase by the withdrawal of fluid from the
body reserves, but decreased as a result of water lose
through evaporation.

When these two mechanisms are in

proper balance, plasma volume remains stationary.
Hopkins (46) noted the following blood changes with
hyperpyrexial baths: alkalosis, water shi~ing, hypoglycemia,r.ising inorganic phosphorus, and falling blood
calcium.

This combination of blood changes, according

to Hopking (46), results in excitation of nervous tissue

-

which in turn leads to.the various nervous and mental
(46)

phenomena observed in hyperpyrexial states.
Ferguson and Buckholtz (47),after a study of seventy
patients for PH changes in the blood following hyperpyrexial treatment, concluded that there was a lowering
of the PH figure, and a reduction of carbon dioxide
combining power in every case.

Yammakita (48) attributes

,the lowering of blood alkalinity to toxic breakdown in the
body tissues.

He finds that the percentage saturation

of blood with oxygen decreases with fever.

This latter

observation is confirmed by Bierman and Fishberg (49) who
reported an increased concentration of hemoglobin, but
a reduction in its saturation.
Kentmann and Bassett (50) measured the electrolytic
balances before, during, and after an artificial fever
of 39.5 to 40.5 Degrees

c.

The lose of Na and CL through

the skin during fever represented a net lose of 7 to 22
percent of the amount estimated to be in the extracellular
water at the beginning of treatment.

There was a slight

anhydremia following the fever, and when water lose was
excessive symptoms of heat cramps made thetr appearance.
Sheard (44) expounds the biophysicis~ point of view
when he divides the effect of increased temperature on
the body into three groups: 1. destruction of parasitic
life due to the intolerance of bacteria to temperature

-

(/i. 7)

which the body and organs can withstand; 2. influence
or heat on chemical reactions (speed or reaction varies
directly with the temperature); 3. effect or temperature
on solubilities.

In 1904 Van de Velde (51), a Dutch gynecologist,
pointed out that the temperature curve of an adult female
of normal health and child-bearing age rises and falls
in a regular cycle corresponding to ovulation.

It was

not until some 28 years later that Harvey and Crockett
(52) continued this investigation or the relationship of
body temperature to the menstrual cycle.

-

They found that

ovulation occurred at a time when the temperature was
at its lowest level.

Following ovulation, the curve

rises regularly to a more or less accentuated peak,
which corresponds to the point at which the ovum is
disintegrated, and a new one is about to burst forth.
The temperature now drops to the next low, and ovulation
again occurs.

It is during this last phase that menstr- ·

uation occurs. (Fig 9).

Curves prepared from twelve

females between the ages of 25 to 50 years indicated the
following: the cycle is regular in its wave-like fluctuations; the cycle ceases with the menopause, the curve
becoming irregular and lacking the former excursions;
under abnormal physiological conditions the cyclic fluctu-

-

(48)
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(49)

ations fail to appear; the fluctuations can be made to
reappear by ovarian therapy; the ovarian cycle is related to the menstrual cycle.
Rubenstein (53) estimated the ovarian activity by
the consecutive-day study of basal body temperature, and
basal metabolic rate, and found,in a manner similar to
that of Harvey and Crockett (52), that rectal temperatures reached a low level during menstruation, with a
further decline three days later.

The lowest level

occurred on the 10th day following the onset of menses,
and lasted for a period of three days,

-

Endometrial

smears correlated ovulation and the period of lowest
temperature,

In a si.J.iilar manner this investigator

reported a gradual rise in temperature to a peak which
lasted for three days, and this was followed by a premenstrual drop.

During early pregnancy the temperature

curve reaches a hifJler pre-menstrual level , but the cyclic
variations are absent,
Dubois (54) observed cyclic variations in basal heat
production during the menstrual cycle.

Burton (14) feels

that periodic variations in basal body temperature during
the menstrual cycle indicate that ovarian hormones may
participate in the regulation of heat production.

The

basal metaboli'll rate, according to Chanbers, Ephraim,

-

(50~

and Barker (55), is lowered during menstruation, as
well as during the interval phase.

It reaches its

highest level in the pre-menstrual period.
Heat regulation may also be influ~nced by other
members of the endocrine system.

The sequence of events

following adrenalectomy has been cited previously, and
as early as 1909 Gautrelet, and Thomas (56) noted temperature disturbances following removal of the adrenals.
Mille (57) observed an increased co1loid content of the
thyroid gland, and a flattening of the acinar cells
following exposure to a warm environment.

-

Thyroid-

ectomized animals, in addition, regulate poorly.

The

increased protein destruction associated with fever was
considered by Mansfeld and Ernst (58) to be due to
thyroid influences.

The hyperthyreotropic and hypo-

thyreotropic responses of the pituitary to changes in
temperature are regulated by hypothalamic and infundibular centers, according to Freud, Laqueur, and Muhl~
bock (59).

Thyreotropic activity can frequently-be

detected in the urine after an exposure to cold.
The permeability of the meninges following hyperpyrexial baths was investigated by Mehrtens and Pouppirt (60), and was found to be increased in all cases.
The effect of hyperthermia on water distribution in the
(51)

brain of cats was studied by Yannet and Darrow (61).
They found that a redistribution of water occurred in
the brain with a shift of water from the cells to the
extracellular spaces without any change in the total
water.

This shift was not accompanied by a lose of

intracellular potassium, nitrogen or phosphorus, so
that the concentration of these substances within the
cells was increased.

The concentration of Na and Cl

in the extracellular fluid remained unchanged.
Wood and McCravey (62) have made a study of
cerebral symptoms in fever therapy with particular

-

reference to cerebral hydodynamics and pressure volume
relation::ihips.

They found that certain physical and

hydrodynamic alterations occur intracranially during
fever therapy, namely cerebral anoxia, edema, and hyperemia.

In addition, certain physiologic changes occurred.

These changes consisted of circulatory embarrasement
during the induction phase of fever, due to a·rapid drop
in cardiac ventricular filling time, while emptying
time decreases but little, followed by peripheral
vascular collapse, as shown by a reduced diastolic
pressure.

A

compensatory lincrease in systolic blood

pressure and pulse pressure leads to an elevated spinal
fluid pressure and volume.

-

(52)

Meningeal permeability was

constantly increased.
Experimental studies on headache with an analysis
of its mechanism in migraine, hypertension, and fever
were conducted by Sutherland and Wolff (63).

Fever,

they found, was commonly associated with headache •
.l!'urthermore, the headache seemed to be very characteristic
as to type, being of a dull, deep, aching, generalized
nature, which was made worse by movement.

These findings

are supported by the clinical observation of headache
following intravenous typhoid vaccine.
Needham (64) maintains that temperature plays an

-

important part in the growth of a chick embryo, especially during the early part of its development.

In

this connection, the work.of Woglom (65) on tumor growth
and body temperature should be cited.

Woglom (65), after

a study of transplanted tumor tissue in experimental
animals, came to the conclusion that "raising body
temperature several degrees for 348 hours has no ad•
verse effect upon the gro~~h of the transplantable
tumors employed~.
Early in tilis discussion of f'ever and its effects,
mention was made of' the stomach and the changes which
appear in this viscus as a result of' fever.

Beaumont

(21) was one of' the earliest investigators in this field.

-

(53)

Meyer, Cohen and Carlson (66) continued the experimental
work of Beaumont with respect to gastric secretion during
the fever state, (Fig 10), although little or nothing has
been added to the latters original description.
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test meal with temperature normal; (Right) Changes in
gastric secretion during fever produced by the injection
sodium nucleate after a test meal, (after Woodyatt, Balcar,
and sansum)
During fever it was observed that gastric secretion is
reduced in volume, and in total and free acid.

The per-

centage of chlorides is constant, or onlJ slightly reduced, and the concentration of pepsin is relatively
increased,
acter,

The secretion is ropy and mucous in char-

During fever gastrin is unable to induce a

secretion of gastric juice, (Fig, 11),

External heat,

when sufficient to produce a temperature elevation, will

-
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Fig, 11, (left) Gastric 1;1ecretion after the subcutaneous
injection of gastrin; (Right) Results of gastrin injection
with elevated body temperature (after Woodyatt, Balcar,and
sansum)
cause the same changes in gastric juice as those produced
by fever.

It has been suggested that the changes in

the physiology of the gastric juice during fever are
due to the elaboration of toxins which have a direct
depressor action on the cells of the gastric mucosa,
so that they fail to react to secretory nerve impulses
or to seoretogogues.

The delay in gastro-intestinal

absorption during fever has been referred to previously.
Politz (67) reports that artificial fever in dogs
causes a significant contraction of the spleen,

This

contraction, he believes, is responsible for the ob-

-

served polycythemia and .blood plasma concentration,
(55)

since neither of these effects are observed in the
splenectomized animal.
Osborne and Greenguard (68) measured the pancreatic
secretion in aecretin treated dogs with an elevated body
temperature.

The secretion was found to be noticably

increased during the fever state.

When the temperature

was lowered, suppression of secretion occurred.

Doubilet

and Bierman (69) have demonstrated a relaxation of the
common bile duct sphincter, and of the cardiac sphincter
in the human subject during hyperpyrexia (Fig 12).

-
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Fig. 12.

A .Kymograph showing resistance of C.B.D, to temp,

Fig. 12. (B),Resistance ot card. sph. to temp,(both A, and
B, after Doubilet and Bierman)
Ernsting (70) in a preliminary report on the effects
of electropyrexia on introcular tension states that the
tension is lowered for a period of 30 minutes following
fever therapy•
Abels (71) has attempted to establish a relationship between dentition and pyretic conditions,

.tie finds

that fevers quite definitely cause dentition to be
accelerated in children.

-

( 56)

The development of c.onvulsions during a febrile reaction in infancy and childhood has been a clinical observation of long standing.

The mechanism of the con-

vulsion is as yet unexplained, but Wegman (72) has studied
the problem through the use of cats in different age groups.
He found that kittens subjected to rapid rises in temperature develop convulsions in a large percentage of cases,
while adult cats under similar circUJ;llstances develop
them less frequently.

No explanation is given for the

differences observed, although the results coincide
closely with those noted in the human.

-

A study to determine the effect of artificial fever
on blood sulfonamide levels was conducted by Lewis and
Gunderson (73) on rabbits in order to estimate the risk
of combined sulfonamide and fever therapy.

Each rabbit

was fed 1 gm. of sulfanilamide per kilogram body weight,
and blood determinations were then made at hour intervals for a ten hour period.

A steep rise to 36.l mg.

percent occurred in one-half hour following administration
of the drug, to be followed by a blood level of 56 mg.
percent in three hours.
tration dropped rapidly.

Arter three hours, the concenFifteen rabbits were then given

sulfanilamide in doses similar to that outlined above,
and heated for 9-10 hours at 107-108 degrees F. The

-

(57)

blood level showed a less steep rise to a lower maximum
which was reached in 6 hours.

This was.followed by a

much slower fall in concentration than was observed above.
The cause for the lower maximum level, and the prolonged
fall was ascribed to a slower rate of absorption from
the intestinal tract in the presence of fever.

It was

concluded that the hazard of sulfonamides and fever
therapy together was not appreciably greater than that
of fever therapy alone.
Vitamin C nutrition in artificial fever received
the attention of Zook and Sharpless (74) who studied the

-

excretion of this substance before and after the induction or fever.

It was found that fever increases the re-

quirement of vitamin C in man.

Vitamin C stores in the

adrenal glands and kidneys of guinea pigs after fever
indicates that the fever state increases the requirement
or accelerates the destruction of this essential substance.

More recently Osborne and Farmer (75) have

demonstrated the influence of hyperpyrexia on the concentration of ascorbic acid in the blood.

A series of 77

observations were made on 17 patients, and their results
demonstrated that there were no significant changes in
the concentration of ascorbic acid as result of increasing
the body temperature to 104 degrees F. for a period of

-

(58)

tour hours.
Boyd, Orr, and Reed (76) investigated the relationship of body temperature to plasma lipids in rabbits,
and found that plasma concentrations of phospholipids
and free cholesterol were entirely independent of body
temperature ranges between 100 and 103 degrees F.
Wien (77) finds that "fever may abolish the action
of insulin not only by increasing the forces which raise
the blood sugar, but by inhibiting the action of insulin
in lowering the blood sugar".

This resistance to the

action of insulin is thought to be due to hormones liber-

-

ated from the pituitary, adrenal, and thyroid glands.
These hormones act by altering the glycogenic function
of the liver, as well as by altering the carbohydrate
metabolism of muscle.
The pathological effects of hyperthermia may be
studied at the autopsy table.

Laboratory animals also

provide an abundant source of information following
artificially induced fever.

The critical body temper-

ature, beyond which life is impossible, has never been
definitely determined, although Cheer (27), through his
work on the cardio-vascular system in anesthe ..tized
dogs, reached temperature levels beyond which a failure
in circulation and death occurred.

-

(59)

Holbrook (7$) reports

a case history of a patient who developed a rectal temperature of 115 degrees F., and who, on several occasions
during the same period of illness, gave temperature
readings in access of 110 degrees F. with ultimate re ...
covery.

This was the highest temperature recorded in

any patient with recovery up to that time.
Jacobsen and Hosoi (79) studied the physiological
and biochemical changes of animal tissues after exposure in the electrostatic field of a high frequency
oscillator.

The animals employed were the dog, white rat,

and guinea pig.

-

Morphological changes consisted of vis-

ceral congestion, peripheral hyperemia, cloudy swelling,
fatty degeneration, glycogen depletion, focal hemorrhages ( especially in the gastro-intestinal tract),
epithelial hyperplasia in the parenchymatous organs, and
bone marrow stimulation.

Prolonged heating lead to de-

generative changes in the male germinal epithelium.
Von Haam and Frost (80) induced artificial fever in
laboratory animals and studied changes produced in the
parenchymatous organs.

~he most frequent pathologic

change was of a vascular nature, namely congestion and
hemorrhage.

Cytoplasmic degenerative changes and cell-

ular necrosis were especially marked in aniruals which
had suffered a temperature elevation of 109 degrees F,
(60)

for a period of several hol.l,rs, and were ~ess frequently
observed in animals who had died after a short exposure
to rapid temperature rises.

Those animals who survived

repeated short-lasting exposures to a temperature of

106.5 degrees F., showed no parenchymatous necrosis or
replacement fibrosis at 1utopsy examination.
ings indicate that time

These find-

is a necessary factor in deter-

mining damage to body tissues from temperature elevations,
and that fever over a brief period of time is not harmful to the cells of the body.
Hartman and Major (81) confirm the vascular phenomena

-

cited heretofore of vascular engorgement, hemorrhage, and
degeneration, but in addition have noted hemorrhagic
encephalitis of the brain, hemorrhagic pneumonia of the
llllngs,and degenerative changes in the adrenal cortex.

Bernstein (82) exa.lilined variations in the histological structure of the adrenal cortex of albino rats
as a result of artificial fever induced by ultra-high
frequency radio emanations.

Definite changes were ob-

served in the adrenal cortical lipoid content,

These

changes were the result of either an increased secretory
or storage phase in the adrenal cortex.

Therefore,

Bernstein (82) concluded that the "adrenal cortex is
concerned directly or indirectly with the body temper-

-
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ature regulatory mechanism, since an upset in the mechanism causes a change in the normal adrenal gland".
Kopp (33) feels that the pathological picture of
fatal oases of hyperthermia may be explained on a basis
of increased vascular permeability, leading to visceral
congestion, cerebral edema, hemorrhagic encephalitis,
hemorrhagic pneumonia, edema of the heart, lungs, and
gastro-intestinal tract. "The pathological findings",
says Kopp, "are typical of those of the so-called 'shook
syndrome•".

Landis ( 8J) made microscopic injection .

studies of animals and found that "heat produces vasoh

dilatation (periJ;43ral), raises capillary blood pressure

-

conspicuously, and through capillary relaxation increases
the area of capillary wall available for filtration".
Rossman (84) reports focal hemorrhages, and acute parenchymatous dei'""ations as the most outstanding pathological observations following induced fever in experimental animals and human subjects.

The pathology in this

instance was attributed to changes in capillary permeability
(Fig.13).

In contradistinction to the vascular permeability
theory of Kopp (33), Landis (83), and Rossman (84), Hartman (85), in attempting to explain the etiology and
pathogenesis of brain lesions following fever therapy,

-
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in body temperature. (after Rossman)
has shown that the pathology of fever therapy is typical
of anoxia, produced by prolonged asphyxia,

Wilson and

Doan (86) cite two patients with hemorrhage following
artificial fever, and it is their belief that anoxia
played a paramount role as an etiological factor.

Both

patients showed hepatic and megakaryocytic damage with
a reduction in blood prothrombin and fibrinogen,

Throm-

bocytopenia, epistaxis, and hematemesis were striking
features in both cases,
Wilber and Stevens (87) reported the autopsy findings on two patients who succumbed to artificial fever

-

therapy,

The most conspicuous features were those ob( 6.))

served by previous investi~ators,.namely congestion,
petechial hemorrhages, difruse early hepatic necrosis,
and degenerative changes in the astrocytes or the central
nervous system.

-

( 64)

-

CONCLUSION

Experimental data has been cited in an effort to
summarize the present status of central heat regulation.
Evidence has accumulated which rather oonolusivel7 establishes the hypothalamus as the highest center for
temperature control.
The mechanism for peripheral temperature regulation
is nicely adjusted to changes in external conditions, so
that under ordinary environmental stresses the body
temperature is maintained at a constant level.

Al-

though this mechanism is somewhat less efficient during
a febrile state, there is still this attempt on the part

-

of the body to restore the temperature to normal.
Fever effects almost every physiologic process of
the body.

While in a few instances these effects may

be undesirable, in the great majority of oases they are
of the utmost importance to the organism.

This is

particularly true in the infectious fevers where changes
in the blood vascular system play a predominate role in
combating the infectious agent., and, consequently, in
restoring the body to normal.
It is important that the clinician understand the
place of fever in disease processes.

It is only through

such an understanding that he may hope to answer the
question of when, and when not to combat fever with any
( 65)

degree of accuracy.
It may be said quite definitely that most fevers,

other than those of central origin, are of value to the
diseased body.

With this thought in mind the words of

Sheard (44) are particularly apropos: "In the light of
present conceptions regarding fever we should consider
fever as a natural, active factor produced within the
body to aid in the destruction of an infectious agent,
and to repair tissue injury from any cause•.

-

(66)
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